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Abstract—Although traumatic brain injury (TBI) can happen
to anyone at any time, the wars in Iraq and Afghanistan have
brought it renewed attention. Fortunately, most cases of TBI
from the recent conflicts are mild TBI (mTBI). Still, many
physical, psychological, and social problems are associated
with mTBI. Among the difficulties encountered are oculomo-
tor and vision problems, many of which can impede daily
activities such as reading. Therefore, correct diagnosis and
treatment of these mTBI-related vision problems is an impor-
tant part of patient recovery. Numerous eye care providers in
the Department of Veterans Affairs, in military settings, and in
civilian practices specialize and are proficient in examining
patients who have a history of TBI. However, many do not
have this level of experience working with and treating patients
with mTBI. Recognizing this, we used a modified Delphi
method to derive expert opinions from a panel of 16 optome-
trists concerning visual examination of the patient with mTBI.
This process resulted in a clinical tool containing 17 history
questions and 7 examination procedures. This tool provides a
set of clinical guidelines that can be used as desired by any eye
care provider either as a screening tool or adjunct to a full eye
examination when seeing a patient with a history of mTBI. The

goal of this process was to provide optimal and uniform vision
care for the patient with mTBI.

Key words: accommodation, binocular vision, consensus, con-
vergence insufficiency, Delphi method, mild traumatic brain
injury, oculomotor, optometrist, traumatic brain injury, visual
symptoms.

Abbreviations: BV = binocular vision, CI = convergence
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INTRODUCTION

Mild traumatic brain injury (mTBI) and concussion
are interchangeable terms referring to mild brain injury
arising from external forces [1]. By definition, mTBI is a
form of neurotrauma. Traumatic brain injury (TBI) is
diagnosed as mild, moderate, or severe based on the
events that occur directly following the insult. These
events include loss of consciousness (LOC), posttrau-
matic amnesia, disorientation, or other neurological prob-
lems. If an individual sustained head trauma without any
of these accompanying signs or symptoms, the diagnosis
of TBI would not be made. The diagnosis of mTBI usu-
ally requires one or more of the following: Glasgow
Coma Scale score of 13 to 15, LOC lasting <30 min,
posttraumatic amnesia lasting <24 h, and/or any altera-
tion in mental state immediately following the event [2—
3]. Standard radiological techniques, magnetic resonance
imaging and computed tomography, usually show no
associated abnormalities in mTBI [4]. TBI with signs or
symptoms exceeding those of mTBI is termed moderate
or severe.

The symptoms used to diagnose TBI at the time of
injury (e.g., LOC) are not the same as those that may
occur a few days or more after the injury. Postconcussion
syndrome (PCS) refers to the spectrum of symptoms that
can arise after TBI and is a frequent reason for doctor vis-
its [5—6]. The symptoms of PCS may persist for days,
months, or years after the injury and often include
fatigue, dizziness, headache, memory problems, and poor
concentration. Unfortunately, many persons who have
incurred TBI go on to have additional problems, includ-
ing medical, psychological, and social problems; prob-
lems with academics and with alcohol abuse; and
numerous others [7-8].

Among the many issues that can arise post-TBI, as
part of PCS, are problems related to the eyes and vision
[6]. Blurred vision, light sensitivity (photophobia), and
diplopia have been reported [9—13]. These can occur sub-
sequent to TBI from all causes, regardless of severity.
Problems with binocular vision (BV), extraocular muscle
function, and the accommodative system have also been
found at relatively high frequencies [10-12]. These and
other TBI-related vision problems have the potential to
affect daily functioning in affected patients. For example,
reading problems from convergence or accommodative
deficiencies can negatively affect educational endeavors.
In addition, sensitivity to light may cause discomfort or

headaches. These examples illustrate the potential nega-
tive effect of TBI on vision and underscore the impor-
tance of correctly evaluating and treating these problems.

The recent conflicts in Iraq and Afghanistan have
brought increased awareness to TBI. It is estimated that
since the beginning of hostilities, more than 262,065 ser-
vicemembers have sustained a TBI [14]. However, TBI is
not exclusive to the military, and approximately 1.7 mil-
lion persons from all professions and lifestyles incur TBI
in the United States every year [15]. Many military ser-
vicemembers and veterans with moderate or severe TBI
also have physical injuries and are seen in polytrauma
treatment facilities in the Department of Veterans Affairs
(VA) system of care. Polytrauma is defined as having
injuries to multiple body parts and organs, one of which
may be life threatening [16]. Patients with polytrauma
usually have access to advanced eye care as part of their
treatment plans. In fact, Veterans Health Administration
(VHA) Directive 2008—065 requires that any patient who
has been admitted to a Polytrauma Rehabilitation Center
(PRC) with a definitive diagnosis of TBI be referred to
optometry or ophthalmology for a comprehensive TBI-
specific ocular health and visual functioning examination
[17]. However, there may be over 180,000 Active Duty
servicemembers and veterans with mTBI resulting from
recent overseas conflicts that do not have polytrauma and
therefore may not have formal access to eye care services.
Some of these patients may be referred to optometry or
ophthalmology if a visual or eye-related complaint is
made to their primary care provider, but many of those
who do not complain of vision problems may not be
referred for eye care. In addition, many patients with
mTBI may obtain appointments at locations where the
eye care professionals are not as familiar with examining
patients with mTBI as those within the PRC. This study
was undertaken to propose clinical guidelines, or a base-
line screening tool, for eye care providers in the vision
evaluation of patients with mTBI.

To produce these guidelines, we employed the Del-
phi consensus method. The RAND Corporation devel-
oped the Delphi method in the 1950s under the auspices
of the U.S. Air Force [18]. It was named Delphi after the
Oracle of Delphi from Greek mythology, who purport-
edly had the ability to forecast the future [19]. One of its
early uses was to get expert estimates of the amount of
damage that might be expected from a nuclear attack on
the United States by the Soviet Union [20]. From these
somewhat ominous origins arose a consensus-building
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tool that is now employed in numerous fields, including

healthcare [21]. It is often used to provide data and guid-

ance in situations in which gathering empirical data
would be impractical or cost prohibitive.

The Delphi method has a structured format, includ-
ing [22-23]—

1. Enrollment of expert participants.

2. Anonymity or pseudo-anonymity of the participants.
The participants are frequently unknown to one
another but not to the steering committee.

3. Iterative surveys. Survey questions are re-asked after
the participants receive previous survey results.

4. Feedback of results. Participants receive the group sta-
tistics prior to the next survey round and they may use
the results to change or reinforce their original answer
to a question.

5. Consensus definition. This varies among studies, rang-
ing from 51 to over 80 percent agreement required for
consensus. It is open to controversy because some
researchers define the consensus requirement after see-
ing the survey results [23].

Most researchers employ a “modified” Delphi method

when conducting studies, because the exact steps

required within the format can be tailored to fit the needs
of the research [24-25]. For example, the number of par-
ticipants enrolled as experts in Delphi research has varied

from less than 10 to over 1,500 [26].

There are many benefits to using the Delphi method
to answer specific research questions. Dalkey and
Helmer, early pioneers in Delphi methodology, summa-
rize its benefits as, “The method employed in the experi-
ment appears to be more conducive to independent
thought on the part of the experts and to aid them in the
gradual formation of a considered opinion” [20]. The
Delphi method can be used to provide information with-
out the participants meeting face-to-face as would occur
in a committee meeting. This not only saves time and
cost but also avoids many of the pitfalls inherent to
assembled meetings. One drawback to face-to-face meet-
ings is that dominant individuals, persons with strong
personalities, or those with seniority may overly influ-
ence the proceedings, and thereby, the output [26]. By
employing anonymity, iterative questions, and feedback
of previous results, the Delphi method delivers group
results without many of the disadvantages of participants
meeting directly.

Over the years, researchers in healthcare have
employed the Delphi method to inquire into a variety of
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diagnostic and treatment issues [27]. In a 1976 study,
Schoenbaum et al. elicited input from 15 experts to ana-
lyze the costs, benefits, and alternatives of implementing
a vaccination program similar to that established for the
recent swine influenza outbreak to determine the most
effective strategy for future epidemics [28]. In a 1973
report, Milholland et al. recruited 14 general surgeons as
expert participants to estimate human morbidity and mor-
tality expectations from injuries in an animal model [29].
Ferri et al. used the Delphi method to obtain evidence on
the global prevalence of dementia from known data and
tendencies [30]. The eye care profession has also used the
Delphi method to derive solutions to research questions.
Stelmack et al. used a modified Delphi method to
develop the VA Low Vision Visual Functioning Ques-
tionnaire and to address its use as a tool for low vision
patient evaluation [31]. In addition, the Delphi method
has also been used to develop and evaluate metrics for
diabetic retinopathy and macular edema [32], thyroid eye
disease [25], and glaucoma [33]. A 2003 study by Tobac-
man et al. supported the validity of using a modified Del-
phi method to assess the appropriateness of clinical
procedures in eye care [34]. These researchers compared
visual acuity after cataract surgery with appropriateness
indicators rated by nine physicians. They found that at
4 months after surgery, acuity increased in 91 percent of
478 cases for which the panel rated the indicators for
surgery as appropriate. They also cautioned that the pro-
cess is imperfect because a small percentage of patients
for which the indicators were rated as appropriate had
acuity decreases.

We used the Delphi method in this study to propose a
set of clinical guidelines for use by optometrists and
other eye care providers when screening or examining
patients with mTBI. The guidelines can supplement rou-
tine eye examinations or screenings. They are intended to
improve the consistency of eye and vision examinations,
thereby increasing the quality of eye care provided to
patients with mTBI. In turn, this could enhance research
on vision and mTBI that could be used to devise new
examination methods and treatments for vision problems
occurring in the mTBI population.

METHODS

We employed a modified Delphi method to elicit
opinions from a team of expert participants regarding
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vision evaluation of the patient with mTBI, including
case history questions and examination procedures.

Steering Committee

The steering committee was made up of four of the
authors (G. G, G. M., H. F,, and J. K.). The role of the
committee was to define the qualifications of expert par-
ticipants, design the surveys, establish the survey parame-
ters, and analyze the results.

Expert Participants

An initial questionnaire was sent to optometrists
employed in the VA to determine how often they see
patients with mTBI and to assess their interest in partici-
pating in research on vision and mTBI. The survey was
sent to 608 VA optometrists, and 213 responded, yielding

a 35 percent response rate. Most of the respondents

(78.2%) were full-time staff, and 71.1 percent indicated

that they examine patients with mTBI. Of the respon-

dents, 67 indicated that they would be interested in par-

ticipating in future research on vision and mTBI. A

follow-up questionnaire sent to these 67 optometrists

contained more specifics about the research and asked for
demographic information. We received 42 responses
from these 67 individuals (63%). Of those that
responded, 24 indicated that they were still interested in
participating in the research. The steering committee
compared demographic information gathered from these

24 optometrists with pre-established inclusion criteria

and pared the final list of participants to 16. The inclu-

sion criteria were—

1. Knowledge of and experience in the examination and
treatment of patients with mTBI.

2. Full-time VA employees. Full-time optometrists are
more likely to have sufficient time to devote to the
project.

3. A history of research involvement preferred. This
selected for participants who were familiar with
research protocols and timelines, as well as meeting
project deadlines.

4. Optometrists from a variety of practice settings. This
criterion allowed for an expert panel representing a
variety of clinic settings and practice locations.

Survey Development

The steering committee sent an informational email
with a copy of VHA Directive 2008—065 [17] to each
expert participant prior to any surveys. The email also

conveyed mTBI examination-specific conditions, or

assumptions, for this study. These assumptions were nec-

essary to prevent the scope of the study from becoming

too large and to provide direction when answering survey

questions. The assumptions were—

1. The patient was definitively diagnosed with mTBI.

2. This is baseline testing. Follow-up or referral may be
required based on the results.

3. The patient has no visual or ocular complaints (normal
history).

4. The examination can be accomplished in one appoint-
ment slot.

5. No specialty clinic equipment or methods are required.

The steering committee wrote the survey questions utiliz-

ing examination questions and templates submitted by

the participants. Additional sources consulted were VHA

Directive 2008—065 [17] and pertinent literature (e.g.,

Brahm et al. [10]).

To initiate each survey round, an email was sent to each
participant with a link to the survey (SurveyMonkey.com).
There were two surveys, a patient history survey and an
examination procedures survey, each administered in two
rounds. Survey questions concerning routine vision
examination procedures such as visual acuity were not
included. Instead, the questions focused on common
mTBI-specific problem areas. To maximize participant
responses, two reminders were emailed to the partici-
pants for each survey round.

Round 1 of the history survey had 40 questions orga-
nized into six categories addressing (1) general mTBI
history, (2) mTBI injury history, (3) mTBI sensory his-
tory, (4) mTBI eye injury and pain history, (5) mTBI
vision history, and (6) mTBI reading history (see Appen-
dix 1, available online only, for all questions). The five
possible responses to each question were (1) strongly dis-
agree, (2) disagree, (3) neutral, (4) agree, and (5) strongly
agree. Participants were encouraged to make comments
about any of the issues addressed in the survey, to suggest
changes to questions, and to suggest alternate questions.

The examination procedures survey had 43 items
addressing eye and vision testing techniques organized
into five categories covering (1) extraocular motility and
BV testing, (2) accommodation testing, (3) saccadic and
fixation testing, (4) near point of convergence testing,
and (5) other testing. The “other testing” category had
seven questions addressing items such as color vision,
contrast sensitivity, and glare sensitivity testing (see
Appendix 2, available online only, for all items).


http://www.rehab.research.va.gov/jour/2013/506/pdf/goodrich506appn01.pdf
http://www.rehab.research.va.gov/jour/2013/506/pdf/goodrich506appn01.pdf
http://www.rehab.research.va.gov/jour/2013/506/pdf/goodrich506appn02.pdf
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The steering committee established the requirements
for acceptance or rejection of a survey question prior to
sending out the surveys. Any question with 80 percent or
more of the responses marked strongly agree or agree
was accepted [35]. Questions with less than 50 percent of
the responses rated strongly agree or agree were rejected.
All questions accepted or rejected in the first round were
removed from further consideration. Questions with less
than 80 but over 50 percent agreement were re-asked.
Before sending out round 2 surveys, the results of the
first round were provided to the participants. The ques-
tions to be re-asked were accompanied by a chart with
distribution frequencies of the round 1 responses. In addi-
tion, comments submitted in round 1 were shared with all
participants. Participants could change their answers in
round 2 after reviewing round 1 results if they wished.
Any question not accepted in either round 1 or 2 was
rejected.

An optional questionnaire that was not part of the
Delphi rounds was sent to the participants after the Del-
phi rounds were completed. These questions asked for
details on how participants conducted procedures and tests
that were accepted in the examination procedures survey.

GOODRICH et al. mTBI vision screen
RESULTS

Expert Participants

Table 1 shows the characteristics of the 16 enrolled
optometrists. All of the expert participants had experi-
ence working with patients with TBI, all but one was
employed full-time by the VA, and half had prior
research experience. Importantly, the participants repre-
sented multiple subspecialties, including general optome-
try, BV, low vision, polytrauma, and others. Diversity
was also evident in the participants’ practice locations.

History Survey

Of the expert participants, 13 of 16 (81%) responded
to round 1 of the history survey. The survey had 40 ques-
tions addressing what history is important to obtain from
patients with mTBI during an initial eye examination. In
round 1, 17 questions were accepted and 2 were rejected.
After reviewing the results and comments from round 1,
participants were asked to complete round 2, and 12 of
16 (75%) participants responded. The 20 questions not
accepted or rejected in round 1 were re-asked in round 2.
Additionally, one new question, suggested by a partici-
pant, was asked. No additional questions were accepted
in round 2. Thus, the final list of history questions had 17
items (Table 2).

Table 1.
Demographic information of participants.
Participant mTBI Examinations FT/PT Setting Rese::}rch Location
(mo) Experience
1 6-10 FT Op Yes Wisconsin
2 1-5 FT Op, LV Yes Utah
3 1-5 FT LV, BV No Florida
4 4-8 FT Op No Florida
5 1-5 FT LV No Nevada
6 1-5 FT Op Yes Florida
7 >11 FT PRC, PNS Yes California
8 1-5 FT Op Yes Washington
9 >11 FT LV Yes California
10 1-5 FT PS No New York
11 >11 FT PRC, PNS, Op Yes California
12 6-10 PT CB No New York
13 >11 FT PRC, PNS No Florida
14 >11 FT Op No Kentucky
15 1-5 FT Op Yes New York
16 0.5-1 FT Op, LV No Missouri

BV = Binocular Vision Clinic, CB = Center of Balance Clinic, FT = full-time, LV = Low Vision Clinic, mTBI = mild traumatic brain injury, Op = general optometry
clinic, PNS = Polytrauma Network Center, PRC = Polytrauma Rehabilitation Center, PS = Polytrauma Support Clinical Team, PT = part-time.
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The history survey was divided into six categories
based on the information the question addressed. The cate-
gories were for organizational purposes and not meant to
convey any significance about the questions each cate-
gory contained. Table 2 shows that one or more ques-
tions from each of the six categories were accepted. The
two categories directly related to vision, mTBI vision his-
tory and reading history, had the most questions
accepted.

Examination Procedures Survey

The examination procedures survey contained 43
questions about the baseline tests that are important dur-
ing initial eye/vision examinations of patients with
mTBI. Round 1 responses were received from 12 of the
16 (75%) expert participants; of the items, 3 were
accepted and 18 were rejected. In round 2, participants
were re-asked 21 questions. Two questions about sac-
cadic testing from round 1 were combined into one ques-
tion in round 2. Based on participant feedback, three
questions that ended with the phrase “is absolutely

Table 2.

required for every mTBI patient” were changed to end
with “are important to test on every mTBI patient.” Of
the participants, 13 of 16 (81%) responded to round 2 and
four additional examination procedures items were
accepted. Table 3 shows the seven accepted examination
procedures.

It is important to be aware that many routine eye
examination techniques, such as visual acuity and ocular
health assessment, were not included in the examination
procedures survey. All of the accepted items in Table 3
involve testing oculomotor, binocular, and/or accommo-
dative functions. Four examination procedure items had
77 percent of the participants rate the test as important,
but these are not included in Table 3 because the a priori
requirement was 80 percent. These four items were stere-
opsis (depth perception) testing, light/glare sensitivity
testing, fixation/nystagmus testing, and testing phorias
beyond cover testing (see Appendix 2, available online
only). If one more of the respondents had rated any of
these tests as important, it would have been included in
Table 3.

Accepted history questions. In survey, each question ended in phrase “is an important question to ask the mTBI patient.” Category designations
include (1) General TBI History, (2) TBI Injury History, (3) TBI Sensory History, (4) TBI Eye Injury/Pain, (5) TBI Vision History, and (6) TBI

Reading History.

Question

Category

Did you have any neurological problems or symptoms before your TBI (MS, stroke, brain tumor, severe 1

headaches, other)?
When did your TBI occur (on what date)?
Did you lose consciousness during or after your TBI incident?

Were you disoriented or confused during or after your TBI incident?
Do you bump into objects and walls more now than before your injury?
Were your eyes, eyelids, or area around your eyes injured when your TBI event occurred?

Do you cover or close one eye at times since your injury?
Have you noticed a change in your vision since your injury?

Are you more sensitive to light, either indoors or outdoors, since your injury?

Have you had any double vision since your injury?*

Have you noticed any changes in your peripheral vision since your injury?

Is your vision blurry at distance or near since your injury?

Have you noticed a change in your ability to read since your injury?
Do you lose your place while reading more now than before your injury?

How long can you read continuously before you need to stop?*

Do you get headaches during/after reading more now than before your injury?
Do you have more difficulty remembering what you have read now than before your injury?

AN NN NN L R WD NN

*Reworded based on feedback from participants.

MS = multiple sclerosis, mTBI = mild traumatic brain injury, TBI = traumatic brain injury.
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Table 3.

Seven accepted examination procedures. Each item ended with phrase

“is/are important to test on every mTBI patient.” Category

designations include (1) EOM/BV Tests, (2) Accommodation Tests,

(3) Saccadic/Fixation Tests, and (4) NPC Tests.
Procedure

Category
Distance Cover Test 1
Near Cover Test”

Versions (EOMs) and/or Pursuit
Accommodation

Saccades

NPC

Repeated NPC

*Includes both unilateral and alternate cover testing.
BV = binocular vision, EOM = extraocular motility, mTBI = mild traumatic
brain injury, NPC = near point of convergence.

A BA WN — —

After the completion of the Delphi rounds, the steer-
ing committee sent participants an optional survey
requesting information on the specific methods they each
used when conducting the accepted examination proce-
dures. We asked these questions because the accepted
examination procedures (Table 3) do not include any
specific testing methods. Ten participants completed the
optional survey, and Table 4 summarizes their responses.
As shown, targets used for cover testing at distance var-
ied from Snellen acuity chart letters and projected dots to
a number on a wall clock. Reduced Snellen letters or the
printing on a pen or pencil were most commonly used as
targets for near cover testing. Accommodation can be
tested in pre-presbyopia using a number of different
methods [36], and this is reflected in Table 4. In all cases,
a small letter or a small acuity chart served as targets.
Reported cutoff ages for testing accommodation ranged
from 35 to 50 years. Testing methods for the other
accepted procedures also varied among the practitioners.

DISCUSSION

We undertook this study with the goal of delivering a
clinical tool, or a set of clinical guidelines, that could be
used by eye care providers when examining patients with
mTBI. For this project, each of the expert contributors
was asked to make certain assumptions about the patients
with mTBI under consideration. One assumption was that
the patient was asymptomatic and another was that each
test conducted thus far in a hypothetical eye examination
was normal. The reason for these assumptions was that a

GOODRICH et al. mTBI vision screen

Table 4.

Summary of targets (and tests for accommodation and saccades)

participants reported using when conducting accepted examination

procedures.

Examination Procedure Test

Distance Cover Test: Target  Isolated letter two lines above
best acuity

Muscle light/dot

Projector fixation target

Number on wall clock

Accommodative target

20/40 letter on ball on stick

Penlight

Cube target on stick (Lang
cube)

Tip of pen

Letters on pen/pencil

Detailed near target

Penlight/transilluminator

Tip of pen

Bead on stick

Fingers

Pencil eraser

NRA/PRA with letter two lines
above near acuity

Pull away test with letter two
lines above near acuity

Line of letters patient can see

Push-up test with small near
chart on stick

Flippers with +2.00 flippers,
20/40 letter

Binocular cross-cylinder

Small near chart

Two detailed near targets

Fingers

Beads on sticks

20/40 letters

Near Cover Test: Target

Versions/Pursuit: Target

Accommodation: Test
and/or Target

Saccades: Test and/or Target

Tip of pen

Red/green Avery dots
Near Point of Convergence:  Reduced Snellen letter, 20/40
Target letter

Tip of pen

Small near chart
Accommodative target
Penlight

Lang cube

NRA = negative relative accommodation, PRA = positive relative accommodation.

multitude of examination and treatment pathways could
be pursued following a reported visual symptom or
abnormal test result. For example, the vision examination
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steps for a post-mTBI patient who complains of diplopia
and headaches after reading would be different from
those for an asymptomatic patient. Additionally, all par-
ticipants knew that any positive finding would trigger
additional questions, additional testing, follow-up exami-
nation, and/or referral.

The results of this research reflect the importance of
the history in eye examinations of patients with mTBI
because 17 history questions were accepted. Evidence
from quantitative medical research supports this finding.
A 1992 study by Peterson et al. involving 4 internists and
80 new medical outpatients at the University of Utah
found that the history led to the final diagnosis 76 percent
of the time [37]. The diagnosis was made from the physi-
cal examination in 13 percent of the patients and from
laboratory testing in 11 percent of the patients. Similar
results were also reported in a 1975 study by Hampton et
al. [38]. These results confirm the essential role of the
history in medical examinations with the understanding
that other testing is often required to confirm a diagnosis.

The 17 accepted history questions (Table 2) covered
a range of issues concerning what was present before and
what happened after the mTBI event, including neurologi-
cal history, specifics about the TBI-inducing event, and
ocular injuries. However, the majority of questions
focused on visual and reading symptoms. Supporting this
finding is evidence that patients with TBI have high fre-
quencies of vision and reading problems [10-11,39].
Many of these problems might be related to abnormali-
ties in BV function and estimates of binocular deficien-
cies following TBI of all severities are high, ranging
from 30 to over 60 percent [10,40]. By comparison, BV
problems in general eye care settings have been reported
in only about 22 percent of patients presenting with
visual complaints [41-42]. Our findings, and those of
others, reinforce the need to address BV and reading
issues during the history portion of vision examinations

for patients with mTBI. Inquiring about light sensitivity
in patients with mTBI was also found to be important in
the current study, and prior research has shown it to be a
common complaint in patients with TBI [9,11,40].

All seven items selected in the mTBI examination
procedures survey are measures of oculomotor, accom-
modative, and BV functions. Several previous studies of
vision changes after TBI support our findings and are
summarized in Table 5. Oculomotor function and BV
deficits are common in and problematic for patients with
TBI, indicating that thorough testing is warranted. For
example, proper functioning of the accommodative sys-
tem in pre-presbyopes and of the saccadic system in all
persons is required for efficient reading [43—44]. In turn,
good reading skills are required for many daily activities,
including educational pursuits. Convergence insuffi-
ciency (CI) is associated with a number of symptoms,
including headaches, eye fatigue, and asthenopia, and is
estimated to be prevalent in 2.0 to 8.5 percent of the gen-
eral population [45-46]. However, the rates of CI from
recent studies of patients with TBI are much higher
(Table 5). In a related study, Cohen et al. examined 72
patients with TBI 3 years after their injury and found CI
in 42 percent of the cases, indicating the persistence of
the problem [47]. Reflecting the potential seriousness of
the condition, CI in these patients was significantly asso-
ciated with cognitive disturbance and failure to find work.

The mTBI vision examination procedures agreed
upon by the participants do not include any specific test-
ing methods or techniques. For instance, accommodation
can be tested with a number of techniques [48], and par-
ticipants reported using several different methods. Our
finding that the optometrists did not reach agreement on
specific oculomotor and BV testing methods does not
detract from the importance of conducting the testing in
mTBI. In 2011, while this study was being conducted,

Table S.
Vision dysfunctions in patients with traumatic brain injury (TBI) from recent studies.
Study Dysfunction (%)
Reading Convergence  Accommodation Strabismus Pursuit/Saccades

Goodrich et al., 2007 [39] 61 30 22 — 20

Brahm et al., 2009 [10]* 87 48 49 7 23
Stelmack et al., 2009 [11] 50 28 47 8 6
Ciuftreda et al., 2007 [12] — 42 41 25 39
Capo-Aponte et al., 2012 [40] 65 55 65 0 60

*Only mild TBI patient data included.
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Ciuffreda and Ludlam published an editorial addressing
targeted high-yield objective clinical tests for the mTBI
population [49]. The clinical tests proposed in that edito-
rial overlap considerably with those developed in this
Delphi study and provide clinicians with valuable clinical
tools not specified by our methodology.

As with all research conducted using the Delphi
method, bias is possible and may be problematic [21,50].
The first potential source of bias was in recruiting the
panel of experts. Since participation was voluntary, inclu-
sion may have been biased toward those who were inter-
ested in the research area and its outcomes. It is unknown
whether the participants’ motivations affected their
choices. It is also unknown whether other experts who
chose not to participate would have provided similar
answers. Research has shown that panel makeup may
influence the results in Delphi research. A study examin-
ing the appropriateness of clinical quality indicators that
enrolled primary care physicians and primary care man-
agers as expert panel members found that the managers
rated the indicators higher than the physicians did [51].
Additionally, physicians who received Delphi round
feedback from both physicians and managers rated indi-
cators higher in round 2 than physicians who received
feedback from other physicians only. Studies such as this
demonstrate that caution is needed when interpreting
results of Delphi research. Other sources of bias in Del-
phi research undoubtedly occur, although adherence to
predefined research parameters, as was done in this
study, should lessen its effect.

The Delphi method delivers results in the form of
expert opinions [23,28]. Therefore, it gives “an answer,”
but not necessarily “the answer” to the question under
consideration, which, in this study was, “What vision
examination tests are important after mTBI?” The clini-
cal guidelines produced by this effort can be modified to
suit individual patient needs. Specifically, those items in
Appendix 2 (phorias, fixation/nystagmus, stereopsis, and
light/glare sensitivity) could be included in the examina-
tion procedures, resulting in a slightly longer, but more
comprehensive, 11-item testing set.

Finally, the diagnosis of mTBI, the repercussions of
the diagnosis, the symptoms arising from the injury, and
the terminology associated with the condition are compli-
cated and controversial [3,52]. The overlap of PCS symp-
toms with those of posttraumatic stress disorder can be
especially troublesome and may cause difficulty in deter-
mining appropriate treatment and referral for patients who
have sustained mTBI. Even so, as more research is brought

GOODRICH et al. mTBI vision screen

forward in this area, it is becoming increasingly clear that
vision and ocular problems frequently occur in persons
with a history of mTBI and can have negative conse-
quences on patient functioning and quality of life [12,53].

CONCLUSIONS

Abnormal oculomotor and BV function findings and
subjective complaints about vision are common sequelae
of TBI, including mTBI [10-12,39]. Diagnosing and
addressing these visual problems are important parts of
the pathway of care for patients with mTBI. A number of
eye care providers in VA, military settings, and civilian
practices specialize and are proficient in the examination
of patients who have a history of TBI. However, many
eye care providers do not have this level of experience
working with and treating patients with mTBI. Addition-
ally, even among the specialists, the exact steps to take,
the questions to ask, and the testing to conduct during the
mTBI patient examination varies from one provider to
another. Empirical research might reveal the best ques-
tions and testing for examining the patient with mTBI but
the research effort would be lengthy and expensive. The
current study employed an alternate technique, the Del-
phi method, to provide answers, albeit not necessarily the
only answers, to these issues. Input from 16 expert partici-
pants, a series of surveys, and an 80 percent agreement
minimum yielded 17 history questions and 7 examination
procedures that can be utilized in the mTBI patient vision
examination. Any eye care provider can augment his or
her vision examination with these questions and proce-
dures, if desired, when seeing a patient with mTBI. These
findings can also be modified for use when and if a pro-
vider sees fit. Besides serving as a set of guidelines, the
tool developed here can serve as an education source for
anyone interested in mTBI and vision. Ultimately, the
goal of this process was to help ensure optimal and uniform
vision care for every patient, including those with mTBI.
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